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Water restrictionPhysalis angulata is a medicinal plant with valuable pharmacological activities. The physiology of stress in this
plant can play an important role in the induction or maximization of the production of physalin F, B, D and G,
bioactive secondary metabolites described as immunosuppressive, anti-malarial and anti-leishmanial agents.
P. angulata was cultivated from seeds which had been previously primed in PEG 6000 solution and non-
primed seeds. After 45 days, the plants were exposed to water restriction and saline stress in the ﬁeld for
13 days. Seedling emergence and growth after stress treatment were assessed. Seco-steroids were quantiﬁed
in leaves and stems by HPLC/PDA. The emergence rate was 14% higher in primed seeds. The types of irrigation
proved to have a signiﬁcant inﬂuence on the number of leaves and fruits, plant height and stem diameter,
irrespective of whether the seeds were primed or not. The biomass of the fruits, stems and roots was also
decreased by water restriction and saline stress. Physalin content in ethanol extracts increased in leaves, mainly
after saline stress and from primed seeds. Despite the biomass reduction caused by the treatments, stress
application led to an increase in the production of bioactive metabolites.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Secondary metabolites have a limited and restricted taxonomic dis-
tribution in plants and their biosynthesis can bemodulated by environ-
mental conditions (Torssell, 1997; Kutchan, 2001).
Although recognized as potentially harmful, the induction of plant
stress has been practiced to modulate the production of metabolites
which are involved in essential physiological processes (Flowers,
2004; Sairam and Tyagi, 2004). Likewise, the controlled induction
of plant stress can increase the content of pharmacologically active
substances (Abreu and Mazzafera, 2005; Capanoglu, 2010).
Abiotic stresses such as osmotic stress, water restriction and salinity
are among the factors that can lead to a variation in the content of sec-
ondary metabolites (Harborne and Williams, 2000; Taiz and Zeiger,
2010). Chemical products of several biotic or abiotic sources as well as
physical factors are elicitors and may trigger a response in live organ-
isms, resulting in an accumulation of products (Zhao et al., 2001; Yu
et al., 2002). Water restriction and saline stress can cause increases in
the content of metabolites in plants (Krishna, 2003; Kagale et al.,, polyethylene glycol; HPLC,
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as an elicitor to induce secondarymetabolites (Abrol et al., 2012). Provi-
sion of 50 mMNaCl proved effective in inducing the in vitro production
of secondary metabolites in Swertia chirata (Abrol et al., 2012). The bio-
synthetic and metabolic pathways followed by each species are very
speciﬁc (Jahangir et al., 2009) and some of the generated products par-
ticipate in the secondary plant metabolism and play a role in protecting
or minimizing stress that a plant may undergo. Brassica oleracea in-
creases its glucosinolate content when it is subjected to saline stress,
indicating the involvement of these metabolites in the response to
stress (Lopez-Berenguer et al., 2008).
Germination and the early seedling development are the growth
phases which are most inﬂuenced by the abiotic stresses. Therefore,
pre-germination treatments involving invigoration, priming effective-
ness and physiological seed conditioning are applied to improve the
seed quality and seedling establishment of cultivated plants. Seeds are
soaked in water or in an aqueous solution for enough time to establish
an osmotic equilibrium with the medium (Heydecker and Coolbear,
1977; Roberts and Ellis, 1989). This method causes high and synchro-
nized rates of seed germination (Heydecker et al., 1973; Iqbal and
Ashraf, 2007; Varier et al., 2010) and emergence (Bradford, 1986;
Flors et al., 2007).
Physalis angulata L. (family Solanaceae) is a plant used as a com-
mercial herbal medicine and it is found worldwide in tropical and
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malaria, asthma, hepatitis, sleeping sickness, dermatitis, rheumatism,
earache, and fever (Chiang et al., 1992b; Lin et al., 1992; Caceres et al.,
1995; Freiburghaus et al., 1996; Ankrah et al., 2003; Choi and Hwang,
2003). Extracts of whole P. angulata induced cellular death and apopto-
sis in human oral cancer cell lines (Lee et al., 2009), roots have shown
anti-inﬂammatory and immunomodulatory properties (Bastos et al.,
2008) and the stems have demonstrated anti-neoplastic activity and
cell proliferation inhibition of J774 (mouse monocytic cell line),
SP 2/0 (mouse myeloma), Ehrlich carcinoma (sarcoma induced by
methylcholanthrene), P3653 (mouse plasmocytoma), Neuro-2a
(mouse neuroblastoma), MK2 (monkey epithelial cells) and BW
yeasts (Ribeiro et al., 2002).
Pharmacological activities have been related to 13,14-seco-16,24-
cyclo-steroids, and mainly to the isolated physalins F, B, D and G
(Fig. 1) (Chiang et al., 1992a,b; Tomassini et al., 2000; Soares et al.,
2003). Physalins F and D showed anti-malarial activity (Sá et al.,
2011). Physalins F and B showed both in vitro and in vivo anti-
leishmanial activities and inhibited dermal leishmaniasis (Guimarães
et al., 2009). A study with the crude extract from aerial parts of
P. angulata showed the possible effect of physalin D on the growth inhi-
bition ofMycobacterium tuberculosis (Januário et al., 2002). Physalins F,
B and G inhibited the in vitro proliferation of splenocyte cultures,
prevented in vivo the rejection in allogeneic transplantation (Soares
et al., 2006), inhibited macrophage activation and protected against
lipopolysaccharide-induced death (Soares et al., 2003).
Despitemany studies on the pharmacological action of the physalins
from P. angulata, there is a lack of understanding about the effects of
oscillations in environmental conditions on the production and on the
regulation of physalin synthesis. Therefore, the present study aims to
evaluate the effect of osmotic seed priming on growth and development
of P. angulata plants, as well as, on the physalin content when the ma-
ture plants have been exposed to water restriction and saline stress.
2. Material and methods
2.1. Chemicals
Analytical grade ethanol (EtOH) was applied to physalin extraction.
Triﬂuoroacetic acid, methanol and acetonitrile (HPLC/UV grade) were
purchased from Tedia (Fairﬁeld, USA) and used throughout the chro-
matographic analysis, together with ultra puriﬁed water (resistivity of
18.1 MΩ-cm) fromNanoPure Diamond system (Barnstead/Thermolyne,
Dubuque, IA, USA). Reference materials of physalins F, B, D and G
(96–98% purity by HPLC) were isolated from dry stems of identiﬁed
P. angulata plants collected in Belém (Pará State, Brazil) and were
puriﬁed and characterized according to procedures described else-
where (Soares et al., 2003, 2006).
2.2. P. angulata seeds
P. angulata seeds were collected from mature fruits of cultivated
plants in a greenhouse at theHorto Florestal Station at the UniversidadeFig. 1. Chemical structures of the bioactive physalins isolated from Physalis angulata.Estadual de Feira de Santana, Bahia, Brazil (38°55′30.59″ W; 12°16′
17.07″ S). The seeds were dried for 24 h at 20 °C and 11% relative hu-
midity. The seeds were kept in a desiccator containing super-saturated
potassium chloride solution, until there were no differences between
fresh and dry weights in batches. After drying, the seeds (moisture
content 7.2%) were separated in lots of 500 units and further stored
in the dark at 4 °C in polypropylene tubes until use.
2.3. Osmotic priming and emergence
Samples of 1000 seeds of P. angulatawere immersed in a polyethyl-
ene glycol (PEG 6000) solution at osmotic potential of−1.2 MPa. This
was previously established as priming potential for the species (Souza
et al., 2011). The immersion was performed in 25 ml-polypropylene
tubes for 10 days at 35 °C using a germination chamber coupled with
an aeration system. After the pre-germination period, the seeds were
taken from the solution, washed and dried at room temperature until
a constant weight was reached.
2.4. Experiments in the greenhouse
Ten primed (P) or ten non-primed (NP) seeds were sown in 15 kg
substrate (1:1 mixture of soil and washed sand) in each of 80 polyeth-
ylene containers. All the pots were kept in an agricultural greenhouse
with 40% of the radiation incident on the greenhouse at the Experimen-
tal Horto Florestal Station in September 2009 and the substrate was
watered daily. The emergence rate (%) was evaluated twice (10 and
20 days after sowing). After the last evaluation was conducted, follow-
ing thinning, one seedling – the most vigorous –was retained per pot.
At 45 days of cultivation, the plants from non-primed and primed
seeds were separated into 3 groups and each was exposed to one of
the irrigation treatments: (1) with daily watering —maintaining maxi-
mummoisture capacity (100% irrigation) (control group), (2) irrigated
with 50% of the daily requirement and (3) irrigatedwith 0.9%NaCl solu-
tion with an electrical conductivity of 10 dS m−1. The respective vol-
umes were 316, 158 and 316 ml. The amounts of water and saline
solution used were calculated based on the capacity of the substrate to
retain water and this was evaluated after 24 h. The plants were kept
under these conditions for 13 days until withering points of the aerial
parts could be seen in both stress treatments.
2.5. Growth analysis
After the treatments described above the following growth parame-
ters were assessed: number of leaves and fruits, plant height and stem
diameter. For the measurement of plant height a millimeter ruler was
used to measure from the soil surface to the apex of the highest leaf
stretched vertically. The stem diameter (mm) was measured at the
height at the soil surface with the aid of a digital caliper (Cosa 111-
101EB). After evaluation of growth, leaves, stems, ﬂowers and roots
from plants from the same pre-germination and stress treatment
were separated and placed in forced-air circulation oven to dry,
at 40° ± 5 °C, for 8 days and the ﬁnal dry masses were determined.
Samples of dry leaves as well as dry stems were combined and
ground before the quantitative determination of the physalin.
2.6. Quantitative determination of physalins in leaves and stems
Fifty grams of the ground material (from leaves or stems) was
extracted three times with 200 ml ethanol. The extracts of both plant
organs from the various treatments were ﬁltered through ﬁlter paper
(J-Prolab, 200 μm thickness, 14 μm pore size) and concentrated in
a rotary evaporator R-124 (BÜCHI Labortechnik, Switzerland) at
175 mbar and 40 °C, until semi-solid residues were obtained. The
residues were dried in a desiccator until they achieved a constant
weight. Three 10-mg aliquots of each sample were independently
Table 1
Emergence rate (%,mean and standarddeviation) of non-primed (NP) or primed (P) seeds
of Physalis angulata.
Days after sowing Pre-germination treatment
NP P
10 64 ± 11 78 ± 11⁎
20 79 ± 13 89 ± 8⁎
⁎ Data are different (p b 0.05) within the same periods of observation.
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2 min, and ﬁltered through centrifugal ﬁlter devices (Durapore,
PVDF membrane, 0.2 μm) for physalin content determination by
high performance liquid chromatography (HPLC).
The HPLC system (Shimadzu Co., Japan) LC-10AVP consisted of two
LC-10AD pumps, a DGU-12A degasser, the SIL-10AD autosampler,
CTO-10A column oven and a SPD-M10A photodiode array detector
(PDA) with scanning at 200–800 nm with 1 nm resolution. The data
analysis was performed using CLASS-VP v.6.13 SP2 software (Shimadzu
Co.). The column used was a Hibar 250 × 4 mm with a reversed phase
LiChrospher 100 RP18 5 μm (Merck, Darmstadt) connected to a
Supelcosil C18 guard-column (2 cm). Gradient elution was carried
out at 30 °C with 0.05% triﬂuoroacetic acid in ultrapure water
(phase A) and acetonitrile (phase B). The steps of the gradient program
at aﬂow rate of 1 ml min−1were as follows: 3%B for 0 to 3 min, 3–10%B
for 3–6 min, 10%B for 6–9 min, 10–18%B for 9–12 min, 18%B for 12–
15 min, 18–21%B for 15–18 min, 21%B for 18–21 min, 21–35%B for
21–45 min, 35%B for 45–55 min, 35–80%B for 55–70 min, 80%B for
70–75 min, returning to 3%B in 75–78 min andholding for 7 min before
the following injection (20 μl). The chromatograms were monitored by
UV detection atwavelengths of 225 and 310 nm. Referencematerials of
physalins D, G, F, and B at 1 mg/ml in methanol were injected for as-
signment by similarity to UV spectra and to the retention times which
were 38.5, 39.7, 55.5, and 66.8 min, respectively. The physalin content
was measured based on a standard curve (at 225 nm) using physalin
D at ﬁve concentrations (10, 20, 40, 500, and 1000 μg ml−1 in
methanol). These reference solutions were injected in triplicate
(20 μl) to determine the calibration curve and to check linearity
and validity by ANOVA test.Table 2
Growth characteristics of Physalis angulata originated from non-primed (NP) and primed (P) s
NP
100% water 50% water NaC
Number of leaves 155 ± 15 123 ± 8a 123
Number of fruits 29 ± 4 20 ± 7a 20
Plant height (cm) 62.0 ± 2.3 52.0 ± 9.1 57.0
Stem diameter (cm) 13.0 ± 0.6 11.6 ± 0.8a 11.7
a Signiﬁcantly different values (p b 0.05) compared to the plantswatered daily (100% irrigati
and primed (P) seeds.
Table 3
Dry mass (g plant−1) of organs of the Physalis angulata plants grown from non-primed (NP) a
NP
100% water 50% water NaCl aq.
Leaves 3.75 ± 0.3 2.95 ± 0.3a 3.72 ± 0.2
Flowers 0.06 ± 0.1 0.05 ± 0.1 0.04 ± 0.1
Fruits 1.85 ± 0.4 1.15 ± 0.3a 1.28 ± 0.5
Stems 4.67 ± 0.4 4.20 ± 0.6 3.97 ± 0.6
Roots 3.23 ± 0.3 2.27 ± 0.5a 2.51 ± 0.2
a Signiﬁcantly different (p b 0.05) values from plants watered daily (100% irrigation) are in
grown from non-primed (NP) or primed (P) seeds.2.7. Experimental design and statistical analysis
The experiments in the greenhouse were designed as a randomized
block with factorial arrangement 2 × 3 for the analysis of the effects of
seed priming and of irrigation conditions, respectively. Each irrigation
treatment consisted of seven pots with one plant per pot in four
replicates.
The data underwent analysis of variance (ANOVA) and Tukey's
studentized range HSD test (p b 0.05) using the statistical program
SISVAR (Ferreira, 2011).
Hierarchical cluster analysis of the multivariate data about growth
and dry mass of the plants and physalin content in their respective
extracts was performed. Euclidean distances were used to calculate
the similarity matrix for which dendrograms were constructed using
Action statistical software.
3. Results and discussion
3.1. Emergence and growth of P. angulata
Ten days after sowing, the primed seeds showed a signiﬁcantly
(p b 0.05) higher emergence rate than the untreated seeds (Table 1),
with 14% higher seedling germination rates. This behavior was
maintained at the second observation (20 days after sowing),
demonstrating that seed priming is efﬁcient in improving the
emergence rate and seedling growth of P. angulata.
Using this technique, the desired beneﬁts of seedling establishment
of P. angulata can be achieved ensuring a good yield of plantmaterial per
planting area. These results are similar to those found in other works
that have asserted the importance of osmotic priming in the early stages
of plant development (Patanè et al., 2009; Dantas et al., 2010).
Some studies have reported that seeds hydrate slowly during os-
motic priming, allowing a longer time for the repair of macromolecules
and for amore favorablemetabolic balance at the beginning of germina-
tion. Increases in enzymatic and metabolic activities, DNA synthesis,
ATP production, and membrane damage repairs allow tissue formation
in a more direct way, reducing the risks of damage to the embryo axis.
These characteristics are inherent to osmotic priming and seem to be
related to the increase in the seed vitality during the subsequent germi-
nation step (Khan, 1992).eeds and in different types of irrigation.
P
l aq. 100% water 50% water NaCl aq.
± 5a 140 ± 13 114 ± 6a 134 ± 5
± 6a 25 ± 3 20 ± 3 25 ± 5
± 10.2 67.4 ± 5.5 51.6 ± 9.6a 54.6 ± 8.4a
± 0.6a 12.3 ± 1.6 11.3 ± 0.7 11.2 ± 0.6
on) are indicated. Therewas no signiﬁcant difference (p N 0.05) betweennon-primed (NP)
nd primed (P) seeds and in different types of irrigation.
P
100% water 50% water NaCl aq.
3.37 ± 0.4 2.83 ± 0.3a 3.40 ± 0.1
0.05 ± 0.1 0.06 ± 0.1 0.05 ± 0.1
a 1.97 ± 0.5 1.15 ± 0.2a 1.41 ± 0.3a
a 4.98 ± 0.8 3.42 ± 0.6a 3.55 ± 0.5a
a 3.29 ± 0.5 2.14 ± 0.5a 2.67 ± 0.4a
dicated. There was no signiﬁcant difference (p N 0.05) in dry mass whether plants were
Fig. 2.Dendrogramof the effects on elongation growth of the plant and on drymass of the organs of Physalis angulata afterwater restriction (a) and saline stress (b) (from Tables 2 and 3).
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creased the number of leaves and fruits, the plant height and the stem
diameter (Table 2), with only one exception (number of fruits of plants
grown from primed seeds and after exposure to saline stress), and the
reduction was signiﬁcant (p b 0.05) in some conditions. Seed priming
did not affect (p N 0.05) the parameters analyzed (Table 2).
The occurrence of ﬂuid and saline stresses during the initial phase of
the development can promote a reduction in growth, the number of
branches and leaves, a decrease in the photosynthetic surface and con-
sequently, a lower production of ﬂowers and fruits (Karamanos et al.,
1982; Boutra and Sanders, 2001). The yields of cultivated plants in soil
under ﬂuid or saline stresses will depend on the adaptive mechanisms
that enable them to keep up growth and high photosynthetic activity.
This is reﬂected in desirable production levels even under prolonged
stress conditions. When fewer fruits, seeds and leaves are produced,
the economic value of such plants is reduced (DaMatta, 2007).
According to Koyro (2000), the reduction in the number of leaves is
themost pronouncedmorphological change observed during salt stress.
Leaf expansion can decrease signiﬁcantly as the plants are exposed to
high salinity irrigation and, this mechanism is dependent on the capac-
ity of the plant to avoid excessive concentration of ions in transpiring
tissues and, as consequence the plant produces new leaves at a much
faster rate (Miranda et al., 2010).
The lowest growth rates, that were induced in plants exposed to
water restriction or saline stress were signiﬁcant (p b 0.05) among the
plants from the primed seeds, unlike plants from non-primed ones
(Table 2). This behavior could be a disadvantage of osmotic priming
on plant growth, however, plants from seeds with and without the
pre-germination treatment did not grow differently (p N 0.05). The
reduction in plant height may be associated to a decline in cellularTable 4
Content of physalins (mg g−1) in dried ethanol extracts of Physalis angulata organs of plan
irrigation regimes.
NP
100% water 50% water NaCl aq.
Leaves
Physalin F 13.2 ± 3.4 29.4 ± 15.0 22.1 ± 3.
Physalin B 16.6 ± 4.6 37.1 ± 19.3 25.4 ± 3.
Physalin D 11.0 ± 1.4 20.8 ± 6.5a 9.3 ± 1.
Physalin G 2.3 ± 0.4 7.0 ± 2.8a 3.5 ± 0.
Stems
Physalin F 43.2 ± 3.0 20.6 ± 2.7a 7.6 ± 1.
Physalin B 45.2 ± 3.1 24.2 ± 3.5a 7.7 ± 1.
Physalin D 42.6 ± 3.3 18.7 ± 1.0a 3.5 ± 0.
Physalin G 5.0 ± 0.4 6.0 ± 0.4 0.6 ± 0.
Signiﬁcantly (p b 0.05) different values are indicated: arelative to those obtained for samples
respectively.expansion and growth, due to the low turgor pressure in addition to
foliar senescence (Jaleel et al., 2008).
3.2. Dry mass production by the organs of the plant
The pre-germination treatment (osmotic priming) had no signif-
icant effect (p N 0.05) on the dry mass of each organ of the plant
(Table 3). Thus the results in Tables 2 and 3 for plants from non-
primed or primed seeds were grouped, divided by values found in
the respective control group and compared in a cluster analysis
(Fig. 2) to express the quantitative decrease or increase by the irriga-
tion treatments.
Water restriction decreased the biomass of leaves, fruits, stems and
roots in the plant signiﬁcantly (p b 0.05) (Table 3). No effect on the
drymass of ﬂowerswas observed, certainly due to the lowweightmea-
surement sensitivity. A reduction in biomass is expected because
decreases in the water absorption by the roots inhibit meristematic ac-
tivity and cell elongation (Chartzoulakis and Klapaki, 2000), as has been
observed in seedlings of Beta vulgaris L. (Sadeghian and Yavari, 2004).
Water restriction also results in a reduction in growth and development
of the plants (Chartzoulakis and Klapaki, 2000; Sadeghian and Yavari,
2004). The cluster analysis of the multivariate data found in Tables 2
and 3 illustrates the strong similarities of the effects of thewater restric-
tion (Fig. 2A) on all the measured aspects relative to elongation charac-
teristics of P. angulata: number andmass of leaves, diameter andmass of
stems and plant height.
In plants exposed to salinity the reduction in root volume could be a
favorable feature as it limits their ability to accumulate toxic ions in the
aerial parts or in the whole plant (Munns, 2002; Alarcón et al., 2006;
Miranda et al., 2010). However in the present study exposure to salinityts grown from non-primed (NP) and primed (P) seeds and subjected to the different
P
100% water 50% water NaCl aq.
1 20.3 ± 3.6 18.2 ± 1.3 38.1 ± 2.4a,b
4 26.2 ± 4.4 31.4 ± 1.9 51.3 ± 3.2a,b
3 11.3 ± 2.2 10.7 ± 0.5b 17.8 ± 2.3a,b
5 3.0 ± 1.0 5.6 ± 0.4a 6.4 ± 1.0a,b
1a 25.7 ± 11.4 11.5 ± 1.0b 17.2 ± 2.6b
2a 29.1 ± 12.7 22.8 ± 1.4 16.0 ± 2.2b
5a 17.4 ± 7.7b 8.9 ± 1.4b 8.1 ± 1.2b
1a 4.3 ± 2.6 3.5 ± 1.1b 1.7 ± 0.3b
from plants watered daily (100% irrigation) or boriginating from non-primed (NP) seeds,
Fig. 3. Dendrogram of the growth characteristics and physalin content determined in plant organs of Physalis angulata after water restriction (a) and saline stress (b).
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mass of fruits, stems and roots due to salt stress (Table 3). The effects
of saline solution on the dry mass cannot have been a consequence of
the decrease in growth characteristics because the similarities in inten-
sity among the respective parameters for each plant organ (of the mass
and the respective number or diameter) were not identiﬁed by the
cluster analysis (Fig. 2B). The best observed similarities among the
parameters were found between the plant height and stem diameter
and between the plant height and mass of leaves.
The main factors responsible for inhibiting plant growth by salt
stress are the decrease in the osmotic potential of the soil, ionic toxicity
and nutrient imbalances. As a result plants tend to reduce stomatal ac-
tivity, preventingwater loss through perspirationwhich therefore leads
to decreases in plant growth and photosynthetic rates (Flowers, 2004).Fig. 4. Box plot graph of the content distribution of each physalin relative to total identiﬁed
physalins obtained in leaves and stems of Physalis angulata after all irrigation treatments
(from Table 4, n = 36).3.3. Quantiﬁcation of physalins in extracts of leaves and stems of P. angulata
Leaves and stems of the plants exposed to 13 days of water restric-
tion and saline stress showed differences in their physalin content
(Table 4).
It is interesting to observe that both water restriction and salt stress
induced signiﬁcant increases in the physalin content in leaves and de-
creases in stems (Table 4).
Leaves showed higher levels of physalins F, B, D and G (untreated
seeds) or only B andG (primed seeds) in the plants exposed towater re-
striction than in the control group. Despite the seed type (non-primed
or primed) the decreasing effect of water restriction on the physalin
content in stems was observed for physalins F, B and D.
Salt stress induced the two most intense effects (p b 0.05) on
physalin content which were dependent on the pre-germinative treat-
ment: (i) increase (p b 0.05) in leaves of plants from primed seeds,
reaching higher values than those found with untreated seeds, and (ii)
decrease in the stems of plants from non-primed seeds.
The metabolic functions of the physalins on the protection of the
plants against effects by elicitor agents in adverse environmental condi-
tions are still not known, but the ﬁndings in the present work indicate
that the application of the elicitor NaCl was associated with an increase
in the production of physalins, mainly in the leaves of plants from
primed seeds. These ﬁndings may be important to enhance production
of physalins by applying a combination of cultivation techniques (saline
irrigation)with pre-germinative conditioning (osmotic priming),which
were shown to be favorable for emergence rates (Table 1) although
these conditions affected both growth characteristics (Table 2) and bio-
mass (Table 3).Variations of the physalin content (Table 4) were compared to data
regarding growth characteristics and to dry mass of leaves and stems
(Tables 2 and 3) by a cluster analysis (Fig. 3). The results from plants
from non-primed or primed seeds were grouped in this analysis. It can
be observed that the effects on the physalin content in the leaf and in
stem extracts occurred under different conditions than those affecting
the biomass or dry mass, respectively. Thus the increase in the content
of physalins (Table 4) does not seem to be associated to decreasing bio-
mass. The effects on the biosynthesis of physalins could explain the dif-
ference in the content of the substances.
The different effects on the physalin content in leaves and stems are
clear in the cluster analysis (Fig. 3A and B), regardless of the irrigation
treatment. As can be observed in Table 4 and in Fig. 3, the content of
physalins F and B was affected in a similar way. The saline solution
was the treatment that increased physalins F and B in the leaves, and
signiﬁcantly (p b 0.05) in the primed seeds. There was more similarity
among the effects on physalin D, F and B content than among the
physalin G, F and B content, except only in the leaves of plants exposed
to water restriction (Fig. 3). However, with few exceptions, the propor-
tionality among the contents of the four physalins was maintained in
leaves and stems of the P. angulata, regardless of the pre-germination
and irrigation treatments used: B N F N D N G (Fig. 4). The ratios should
match the values actually found in the respective plant parts, because
they appear not to depend on the selectivity of the extraction solvent
(ethanol). In polar solvents, as in this case, physalins have greater
196 M.O. de Souza et al. / South African Journal of Botany 88 (2013) 191–197solubility than other steroids, but the proportionality of the contents
(Fig. 4) occurred in the reverse order of the solubility in ethanol
(D N G N F N B). Thus, the effects observed are suggested to have been
the result of action on the biosynthetic pathway that precedes the
synthesis of physalin B which seems to be the precursor of the other
type B physalins, as physalins F, D and G in P. angulata (Row et al.,
1980; Tomassini et al., 2002).
The importance of P. angulata in therapeutic applications justiﬁes
studies aimed at a better understanding of the biochemical processes
that regulate the production of physalins. A large number of works
have focused on the potential therapeutic properties of P. angulata
however, there is a lack of work dealing with the induction of physalin
biosynthesis. In this context the present work has addressed these
issues investigating how the production of physalins in leaves and
stems is inﬂuenced by seed priming and irrigation stresses (water
restriction or saline stress) on P. angulata plants grown in a greenhouse.
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